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SYSTEM AND METHOD FOR DETECTING 
AND CORRECTING CYLINDER BANK 

IMBALANCE 

FIELD OF THE INVENTION 

The present invention relates to the detection and correc 
tion of power imbalance conditions betWeen multi-cylinder 
banks of an internal combustion engine. Speci?cally, this 
invention provides a system and method for detecting the 
existence of such a poWer imbalance and for directing an 
engine controller to modify the operating conditions of one 
of the cylinder banks to correct the imbalance. The present 
invention can also be utiliZed to detect and correct poWer 
imbalances that exist betWeen engines of a dual engine 
poWer generation system. 

BACKGROUND OF THE INVENTION 

Most industrial and automotive internal combustion 
engines include a pair of cylinder banks, each including a 
plurality of cylinders. For example, a V-8 engine includes 
tWo banks of four cylinders each. With the advent of 
electronic controls, the operating conditions of each of the 
cylinders and of each bank of cylinders is controlled by an 
on-board engine control computer or an electronic control 
ler. The typical electronic controller provides signals to 
electrically actuated fuel control systems, ?ring timing sys 
tems and air intake systems. In diesel engines, the electronic 
controller performs the critical task of controlling the timing 
of operation of the fuel injectors to ensure optimum com 
bustion performance. The electronic controller also acts as a 
speed governor, accepting input from the accelerator pedal 
and sensing engine load conditions to establish an engine 
speed. 

One problem encountered by internal combustion engines 
is excessive vibration and imbalanced loads applied to the 
engine crankshaft and output shaft. Of course, excessive 
vibration, particularly at engine idle, is felt, and heard, by the 
vehicle operator. HoWever, the most signi?cant risk created 
by engine vibration is borne by the engine itself, particularly 
the crankshaft and bearings. Engine vibration is knoWn to 
signi?cantly decrease the fatigue life of engine components. 
Moreover, engine vibration can decrease the overall engine 
performance, especially under critical duty cycles. 

One source of engine vibration is imbalanced poWer 
output from each bank of cylinders. Ideally, opposed banks 
of cylinders Will generate identical poWer output levels for 
identical operating conditions (i.e.—fuel quantity, injection 
timing, air intake). Of course, mechanical losses in each 
bank Will be different, and the operating conditions Will 
usually differ betWeen banks. Unless these different 
mechanical losses and operating conditions are accounted 
for, the opposing cylinder banks Will necessarily generate 
different poWer output levels. 

Similar problems exist in poWer generation systems, for 
example, that utiliZe a plurality of engines to drive a 
generator. In these systems, the poWer output from each 
engine is combined by a transmission mechanism to a 
common output shaft. In this arrangement, poWer imbalance 
betWeen engines can still generate vibration and fatigue 
problems in the transmission mechanism and common out 
put shaft. Thus, balancing the poWer generated by each 
engine can be as important as balancing poWer output 
betWeen opposing cylinder banks of the same engine. 

While some attempt has been made to address drive shaft 
speed variations from cylinder to cylinder, no approach has 
been developed that Will address the poWer imbalance 
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2 
conditions discussed above. A need therefore exists for a 
system and method that can readily detect poWer imbalance 
betWeen opposing cylinder banks of an engine, as Well as for 
poWer imbalances betWeen multiple engines combined to a 
single output. 

SUMMARY OF THE INVENTION 

To address the problems of engine vibration, the present 
invention provides a system and method for detecting poWer 
imbalance betWeen cylinder banks. The invention also pro 
vides means for correcting the poWer imbalance through the 
engine control computer or electronic controller. In one 
embodiment, cylinder bank poWer is determined as a func 
tion of the temperature of the exhaust from each bank. In this 
embodiment, a temperature sensor is disposed in the exhaust 
manifold of each bank to generate a signal indicative of the 
exhaust temperature of the bank. The temperature signals are 
compared to generate a delta value (A) indicative of the 
magnitude of the difference betWeen the cylinder bank 
exhaust temperatures. 

In one feature of the invention, this delta value(A) is 
compared to a predetermined threshold value. The threshold 
value can be indicative of a temperature differential 
tolerance, taking into account permissible variations in 
sensed temperature due to the temperature sensor and/or 
associated electronics. The threshold value can also estab 
lish a temperature differential that can be tolerated Without 
risk to the overall engine performance or fatigue life, thus 
de?ning an acceptable poWer differential. 

If the delta value exceeds this threshold value, a Warning 
signal can be provided to the vehicle operator or engine 
technician Who can then perform a comprehensive diagnos 
tic test of the engine to determine the probable source of the 
poWer imbalance. Alternatively, and preferably, the present 
invention uses the delta value to modify the operating 
conditions of one of the cylinder banks, in the event that the 
delta value exceeds the threshold value. 

In a feature of the invention, the sign of the delta value is 
determined in order to ascertain Which cylinder bank has the 
highest exhaust temperature, and consequently the greater 
poWer output betWeen the opposing banks. The inventive 
system contemplates making this determination in either of 
tWo Ways. In one embodiment, the temperature signals from 
the temperature sensor associated With each cylinder bank 
are passed through an A/D converter to generate a digital 
signal indicative of the magnitude of each sensor signal. 
These digital signals are then supplied to the electronic 
controller Which compares these magnitude values to deter 
mine the greater of the tWo signals, identi?es the bank 
having the greater magnitude signal, and then subtracts the 
lesser magnitude from the greater magnitude to obtain the 
delta value 

Alternatively, the delta value can be obtained in a largely 
analog fashion. This can be accomplished by connecting the 
temperature sensors for the opposing cylinder banks in 
series and With reverse polarity. In this manner, only one 
signal is generated, Which signal is representative of the 
voltage difference betWeen the tWo temperature sensors. 
This differential voltage signal is then conditioned to pro 
vide a digital signal indicative of the absolute magnitude of 
this differential voltage, i.e.—the delta value, and a second 
digital value indicative of the sign of the differential voltage, 
but more particularly representative of the cylinder bank 
having the highest exhaust temperature. 

If the delta value exceeds the threshold value, the elec 
tronic controller is directed to modify the operating condi 
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tions of one of the cylinder banks. In the preferred 
embodiment, the bank providing the greatest poWer output, 
as indicated by the higher exhaust temperature, is derated. 
The manner in Which the cylinder bank is derated can 
depend upon the engine control protocol implemented by the 
engine control computer algorithms. Typically, the engine is 
derated by modifying either the fuel quantity to the cylinder 
bank or the injection timing. In accordance With a further 
aspect of the invention, the engine is derated by applying the 
delta value (A) as a multiplier to variables in the engine 
control algorithm. For example, this delta value can be 
converted to an appropriate multiplier that is applied to a 
fuel supply coef?cient that is used to determine the quantity 
of fuel provided to the cylinders of the derated bank. 

Alternatively, the delta value can be conditioned through 
a ?lter to provide an incremental change in the cylinder bank 
operating conditions. In this latter approach, the poWer 
balancing method is iterative. In other Words, the engine 
cylinder bank can be derated a predetermined amount When 
a poWer imbalance condition is sensed. The bank exhaust 
temperatures can be re-evaluated to assess the magnitude of 
the poWer imbalance, if any, remaining after the each 
iteration. If the residual poWer imbalance still exceeds the 
threshold value, the cylinder bank is derated an additional 
predetermined amount. This process can continue With 
incremental derating of the cylinder until the poWer imbal 
ance is resolved. 

In some instances, derating a cylinder bank is not pref 
erable. For example, it may be necessary to maintain a 
certain engine speed or poWer level. In this instance, the 
invention contemplates modi?cations to the above described 
protocol to uprate the cylinder bank generating the least 
poWer. The same delta value can be utiliZed to provide a 
multiplier to uprate one of the opposed banks. In either case, 
derating one bank or uprating the other bank, the revised 
cylinder bank operating condition can be compared to a 
preferred range of operating conditions to ensure that the 
modi?ed bank performance does not exceed or fall beloW 
certain performance criteria. 

The present invention also contemplates using a different 
measure of cylinder bank poWer output. In a further 
embodiment, instead of monitoring exhaust temperature, the 
inventive system and method measures the boost pressure at 
each cylinder bank. Pressure sensors can be placed in the 
boost inlet to the cylinders to provide signals indicative of 
the boost pressure in the opposed banks. The same delta 
value (A)can be derived from the difference in pressures. 
Since this delta value Will be of a different magnitude, 
different conditioning of the value is needed for use in the 
engine control algorithms to modify the engine bank oper 
ating conditions. 

The present inventive system and method for correcting 
cylinder bank poWer imbalance is preferably implemented at 
engine idle. The engine control module, or electronic 
controller, can be programmed to implement a poWer bal 
ance test after the engine is started. While a poWer imbalance 
condition exists, a Warning indicator can inform the vehicle 
operator of the condition. When the imbalance is resolved, 
the Warning indicator can be shut off so that the vehicle can 
then be operated. 

In a further embodiment, it is contemplated that the poWer 
imbalance analysis can occur at a certain operating speed. 
For example, When the engine is used to drive a generator, 
the engine may be operated relatively continuously at a 
constant rated speed. The inventive system and method can 
be activated at the rated speed to determine if a power 
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imbalance condition exists, and to resolve the condition if 
necessary. The present invention also has application to 
modify engine operating conditions betWeen tWo engines, 
Where both engines provide poWer to a common input. 

It is one object of the present invention to provide a 
system and method for detecting and resolving a poWer 
imbalance betWeen opposing multi-cylinder banks of an 
internal combustion engine. One particular object is to 
detect the poWer imbalance using engine conditions that are 
most indicative of the poWer output from each cylinder 
bank. 

Another object is to provide a system and method that can 
correct the poWer imbalance by modifying the operating 
conditions of one of the cylinder banks. Other objects and 
special bene?ts provided by the present invention can be 
discerned from the folloWing Written description and accom 
panying ?gures. 

DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic representation of an internal com 
bustion engine incorporating the poWer balance detection 
system in accordance With one embodiment of the present 
invention. 

FIG. 2 is a ?oWchart of the method for detecting and 
correcting a poWer imbalance betWeen opposing cylinder 
banks according to one embodiment of the present inven 
tion. 

FIG. 3 is a detailed ?oWchart of one step of the method 
illustrated in the ?oWchart of FIG. 2 according to one 
speci?c embodiment of the invention. 

FIG. 4 is a detailed ?oWchart of one step of the method 
illustrated in the ?oWchart of FIG. 2 according to another 
speci?c embodiment of the invention. 

FIG. 5 is a schematic representation of the reverse polarity 
series connection of the temperature sensors shoWn in FIG. 
1 according to one embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For the purposes of promoting an understanding of the 
principles of the present invention, reference Will noW be 
made to the embodiments illustrated in the draWings and 
described herein. It is understood that no limitation of the 
scope of the invention is intended by the speci?c ?gures and 
description. Alterations and modi?cations of the illustrated 
system and method as Would occur to persons of ordinary 
skill in the art are contemplated. 

The present invention is provided for use With an internal 
combustion engine. In the preferred embodiment, the engine 
is a diesel engine, although the principles of the inventive 
system and method can be readily applied to spark ignition 
engines. In accordance With one embodiment of the 
invention, a conventional multi-cylinder V-con?guration 
engine 10 has a left cylinder bank 11 and a right cylinder 
bank 12, each having the same number of individual 
cylinders, as shoWn in FIG. 1. Each cylinder bank exhausts 
the combustion gases through corresponding exhaust mani 
folds 13, 14, respectively. The operation of the engine 10 is 
governed by an engine control computer, or electronic 
controller, 15. The electronic controller 15 provides control 
signals to a fuel control system 16 that can control fuel 
quantity and injection timing for the cylinders in each bank, 
as Well as for the aggregate of cylinders in each bank. 

In accordance With the system of the present invention, a 
pair of temperature sensors 20, 21 are disposed at the output 
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of the exhaust manifolds 13, 14, of left and right cylinder 
banks 11, 12, respectively. Signals from each of the tem 
perature sensors are fed through Wires 22, 23, respectively, 
to inputs of the engine control computer 15. The temperature 
sensors 20, 21 can be conventional thermocouples that 
provide a voltage output in relation to the sensed tempera 
ture. Preferably, the sensors 20, 21 have relatively fast 
response times so that the output temperature value does not 
appreciably lag the actual temperature of the exhaust gases 
discharged from the manifolds 13, 14. The thermocouples 
are most preferably averaging sensors that provide a snap 
shot of the Widely varying gas temperature in the manifolds. 
Since the thermocouples 20, 21 are intended only to provide 
data concerning the relative temperature betWeen cylinder 
banks, it is not as critical that the sensed temperature 
correspond exactly to the actual exhaust temperature at each 
manifold. 

The engine control computer 15 can be of conventional 
design, using a microprocessor to implement instructions of 
various algorithms controlling the operating conditions of 
the engine 10. The present invention contemplates an addi 
tional algorithm to be implemented by the control computer 
15, preferably during engine idle after start-up. The steps of 
the inventive method can be implemented a predetermined 
time period after the engine has been started to ensure 
generally steady state conditions in the exhaust manifolds 
13, 14 at idle. 

The steps of one embodiment of the method according to 
the present invention are illustrated in the How chart of FIG. 
2. The ?rst step 30 commences the poWer imbalance detec 
tion and correction algorithm at a time determined by the 
engine control computer 15. Alternatively, this algorithm 
can be initiated by the vehicle technician or operator through 
the control computer. In the next step 32, signals from the 
temperature sensors 20, 21 are received by the control 
computer. These exhaust temperature signals are compared 
to each other in step 34 to derive a delta value A that is 
indicated of the relative temperature difference betWeen the 
opposing cylinder banks. The value A is indicative of the 
poWer differential or imbalance betWeen the opposing cyl 
inders. 

The derived value A is then compared to a threshold value 
in step 36 to determine if a true poWer imbalance exists 
betWeen the opposed cylinder banks 11, 12. This threshold 
value can be predetermined to account for various errors and 
tolerances that arise in the measurement of the temperature 
of hot gases ?oWing through the manifolds. In addition, the 
threshold value can be calibrated to permit a certain amount 
of poWer imbalance to avoid unnecessary changes to the 
engine operating conditions. For example, a tWo percent 
difference in poWer output betWeen cylinders may be toler 
able from the standpoint of engine vibration and fatigue. 
This permissible differential can be manifested in a thresh 
old temperature difference value at the engine idle condition. 

The results of the comparison betWeen the exhaust tem 
perature difference value A and the predetermined threshold 
value are administered in step 38. If the value A does not 
exceed the threshold value then no actionable poWer imbal 
ance exists betWeen the cylinder banks, so the algorithm 
proceeds to end step 40. On the other hand, if the compari 
son test is satis?ed, i.e.—the threshold value is exceeded by 
the value A—then the algorithm proceeds to step 42. In this 
step, a determination is made as to Which cylinder bank has 
the highest exhaust temperature. Since the operating condi 
tions of one of the cylinder banks must be modi?ed to 
balance the bank poWer output, it is necessary to determine 
Which bank has the highest temperature, and consequently 
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6 
the higer poWer output. This step 42 can be accomplished in 
different Ways, as described more fully herein. Once the 
highest temperature, and as a consequence the loWest 
temperature, bank has been identi?ed, the operating condi 
tions of one of the banks can be modi?ed by the engine 
control computer 15 in step 44. Details of this step 44 Will 
also be described herein. 

In one embodiment of the invention, the poWer imbalance 
correction algorithm can be ended after the modifying step 
44. In this embodiment, the poWer imbalance is entirely 
corrected by the modi?cations made to the subject cylinder 
bank and no further evaluation or monitoring of the bank 
exhaust temperature is required. 

In an alternative embodiment, the algorithm can be 
iterative, With only incremental modi?cations being made to 
the engine bank operating conditions. In this embodiment, 
the algorithm returns at step 46 to the start of the routine, 
namely to step 32 in Which the bank exhaust temperatures 
are sensed. In this embodiment, the operating conditions of 
the subject cylinder bank are changed by a predetermined 
amount. For example, the operating conditions of the subject 
bank can be modi?ed by adjusting the fuel How to the 
cylinders of the bank by a ?xed amount. Once the fuel How 
to the affected bank has been adjusted, the exhaust tempera 
tures can be sensed and compared to determine if a poWer 
imbalance still exists betWeen the banks. The detection and 
correction steps 34—44 are repeated as described above. 
Since a change in operating conditions of the subject cyl 
inder Will not lead to an instantaneous change in exhaust 
temperature, or poWer output, some time delay can be built 
into the iteration step 46 to alloW the engine to achieve its 
neW steady state operating condition. 

The step of modifying the operating conditions of a 
subject bank can be accomplished in one manner depicted in 
the ?oWchart of FIG. 3. In this ?oWchart, step 44 includes 
step 48 in Which the bank With the highest exhaust tempera 
ture is derated. In other Words, the bank producing the higher 
poWer output is derated so that its poWer output is decreased 
to meet the poWer output of the opposing cylinder. The 
cylinder bank can be derated in a knoWn manner, such as by 
decreasing fuel to the bank. Of course, the amount that the 
subject bank is derated is subject to the minimum operating 
parameters of the engine. If the loW poWer bank and the noW 
derated bank fall beloW minimum operating parameters for 
the engine, the vehicle technician or operator can be alerted, 
or the engine shut doWn to prevent possible damage. 
As an alternative, the modifying step 44 can be accom 

plished according to the steps shoWn in FIG. 4. In this 
approach, step 44 includes steps 50—58 and is based upon 
uprating the loW poWer cylinder bank, or increasing its 
poWer output to match the higher poWer output bank. The 
value A can be used as before to determine the amount that 
the loWer temperature bank is uprated to normaliZe the 
poWer output betWeen opposing banks. According to this 
algorithm, the temperature/poWer differential value A can be 
applied as a multiplier to increase an operating condition of 
the subject bank, such as to increase fuel How to the 
cylinders of the bank. Of course, the delta value A can be 
conditioned to an appropriate multiplier for the engine 
condition control algorithm parameters. 

In one approach, the affected cylinder can be uprated 
based upon limit values for the modi?ed operating param 
eters. Thus, in step 50 a determination is made as to What 
parameters Will be modi?ed to increase poWer output, and 
the magnitude of the uprating ascertained. These uprated 
operating conditions are compared in step 52 to knoWn limit 
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values for the speci?c condition. For example, if it is 
determined that an increase in fuel to the cylinder bank is 
necessary to equalize power output, the increased fuel value 
is compared to a pre-set limit for fuel ?oW at idle (assuming 
that the steps are being conducted at engine idle speed). If 
the uprated conditions eXceed the pre-set limit for the 
operating condition in step 54, then the other cylinder bank 
(the one With the greater poWer output) is derated in step 56 
in a manner as described above. On the other hand, if the 
uprated operating conditions do not eXceed the limit values, 
control proceeds from the test in step 54 to the neXt step 58 
in Which the engine control computer is directed to uprate 
the subject cylinder bank. Control of the algorithm then 
proceeds to the continuation step 46 as appropriate. 

Referring again to FIG. 2, the step 42 of determining the 
higher eXhaust temperature can be accomplished in a num 
ber of Ways. In one embodiment, the delta value A can be 
determined digitally. In this case, the analog signals supplied 
by each of the temperature sensors 20, 21 on Wires 22, 23, 
respectively, can be fed through an A/D converter to produce 
a digital signal. Acomparator in the engine control computer 
15 can compare the magnitude of the tWo noW digital signals 
to produce the comparative value A and a binary value 
indicative of Which one of the cylinder banks has the greater 
temperature. This binary value can be supplied to the engine 
control algorithms in the engine control computer 15 to 
determine Which cylinder bank Will be subject to a modi? 
cation of its operating conditions. 

Alternatively, a largely analog approach can be taken to 
determining Which cylinder bank has the greater eXhaust 
temperature, and therefor the greater poWer output. In this 
approach, the temperature sensors 20, 21 can be connected 
in series With reverse polarity, as illustrated in FIG. 5. In 
particular, the negative terminals of the temperature sensors 
are connected and the positive terminals are attached to 
Wires 22‘ and 23‘, respectively. The difference in voltage 
betWeen the Wires 22‘ and 23‘ corresponds to the value A. or 
the difference in temperature betWeen the opposing cylinder 
banks. This difference signal is applied to a threshold circuit 
60 of conventional design that generates a signal on output 
61 if the voltage differential is positive and on output 62 if 
the voltage differential is negative. In the speci?c 
embodiment, the positive differential arises if the tempera 
ture of the eXhaust from the left bank 11 is greater than the 
eXhaust temperature of the right bank 12. In the preferred 
embodiment, the signal on either output 61 or 62 is equal to 
the absolute value or magnitude of the delta value A so that 
the value can be applied directly to the engine control 
algorithms administered by the engine control computer. 

In the prior illustrated embodiments, the operating param 
eter used to determine the poWer output of the tWo cylinder 
banks is the temperature of the eXhaust gases in the respec 
tive manifolds 13, 14. Alternatively, the boost pressure from 
the superchargers associated With each cylinder bank can be 
used to provide an indication of poWer output. In this 
instance, the temperature sensors 20, 21 can be replaced by 
pressure sensors disposed in the air intake manifold for each 
cylinder bank. Preferably, the pressure sensors are conven 
tional pressure indicators, rather than gauges or manometers, 
to account for the ?uctuating pressures seen at the intake 
manifolds. Most preferably, the pressure sensors are aver 
aging sensors to smooth out pressure spikes that may occur. 
Since the pressure differential value is based on different 
units from the temperature differential, the pressure differ 
ential value can be normaliZed When used by the engine 
control computer algorithms to modify the engine operating 
parameters. 
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In the above embodiments, the poWer imbalance detection 

and correction occurs at engine idle. It is further contem 
plated that the same system and method can be applied to 
engine speeds above idle. In some cases, performing the 
detection and correction steps may be better performed at a 
particular rated speed for the engine. For eXample, Where an 
engine is used to provide poWer to a generator, the engine 
Will be continuously operated at a rated speed. Rather than 
perform the poWer imbalance procedures at idle, it may be 
more advantageous to correct any poWer imbalance that 
occurs at the rated speed. Thus, the system and method of the 
present invention can be modi?ed to be initiated by the 
engine control computer once the engine reaches its rated 
speed, or manually commenced. 
The invention further contemplates applications in Which 

multiple engines are combined through a common transmis 
sion. In systems of this type, each engine can be regarded as 
an individual bank of cylinders and controlled accordingly 
by the poWer imbalance detection and correction system 
described above. In this case, the temperature sensors can be 
placed at the combined eXhaust of each engine and the 
temperature differential betWeen engines used as a measure 
of the poWer imbalance. A separate common control com 
puter can be provided that receives the temperature signals 
from the individual engines. The common control computer 
analyZes the temperature differential in the manner 
described above to provide control signals to the engine 
control computers of the individual engines. 

While preferred embodiments of the invention have been 
illustrated and described in detail in the ?gures and accom 
panying speci?cation, this description is not intended to be 
restrictive in character. Instead, it is understood that the 
present invention contemplates changes and modi?cations 
to the illustrated embodiments that may arise on consider 
ation by a person of ordinary skill in the art to Which this 
invention pertains. 
What is claimed is: 
1. For an internal combustion engine system having a 

plurality of banks of a plurality of cylinders and an engine 
control computer for controlling the operating conditions of 
each cylinder, a method for balancing the poWer output 
betWeen each of said number of banks of cylinders, com 
prising: 

measuring the value of a sensed condition of at least tWo 
of the plurality of cylinder banks: 

comparing the value of the sensed condition betWeen 
pairs of cylinder banks and generating a delta value 
indicative of the difference betWeen such values; 

comparing the delta value With a predetermined threshold 
value indicative of a cylinder bank poWer imbalance 
condition; and 

if the delta value eXceeds the threshold value, generating 
an imbalance signal indicating that the poWer output 
betWeen the pair of cylinders is imbalanced. 

2. The method for balancing poWer output according to 
claim 1, further comprising the step of determining the sign 
of the imbalance signal as an indication of Which of the pair 
of cylinder banks is generating the greatest poWer output 
betWeen the cylinder banks. 

3. The method for balancing poWer output according to 
claim 1, further comprising the step of providing the imbal 
ance signal to the engine control computer to modify the 
operating conditions of one of the cylinder banks to alter the 
poWer output from the one bank. 

4. The method for balancing poWer output according to 
claim 3, Wherein the engine control computer derates one of 
the cylinder banks to decrease poWer output from the one 
bank. 
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5. The method for balancing power output according to 
claim 4, wherein the engine control computer derates the one 
cylinder bank as a function of the magnitude of the imbal 
ance signal. 

6. The method for balancing poWer output according to 
claim 3, Wherein the engine control computer uprates the 
one cylinder bank to increase the poWer output from the one 
bank. 

7. The method for balancing poWer output according to 
claim 6, Wherein the engine control computer derates the one 
cylinder bank as a function of the magnitude of the imbal 
ance signal. 

8. The method for balancing poWer output according to 
claim 3, further comprising the step of evaluating the current 
operating conditions of each of the cylinder banks and 
determining Whether to derate one cylinder bank or uprate 
the other cylinder bank based upon the current operating 
conditions. 

9. The method for balancing poWer output according to 
claim 3, Wherein the engine control computer implements 
algorithms to determine the quantity and timing of fuel 
injection to the cylinders of the one bank, and the imbalance 
signal is converted to a multiplier applied to such algo 
rithms. 

10. The method for balancing poWer output according to 
claim 3, Wherein the step of modifying the operating con 
ditions of one of the cylinder banks is performed iteratively 
by making a predetermined incremental change in operating 
conditions; and 

the method further comprises performing the measuring 
and comparing steps until the iterative delta value does 
not eXceed the threshold value. 

11. The method for balancing poWer output according to 
claim 1, Wherein the step of measuring the value of a sensed 
condition includes measuring the temperature of the eXhaust 
from at least tWo of the plurality of cylinder banks. 

12. The method for balancing poWer output according to 
claim 1, Wherein the step of measuring the value of a sensed 
condition includes measuring the boost pressure for at least 
tWo of the plurality of cylinder banks. 

13. The method for balancing poWer output according to 
claim 1, Wherein each of said steps occurs at the idle speed 
of the engine system. 

14. The method for balancing poWer output according to 
claim 1, Wherein each of said steps occurs at a rated speed 
of the engine system. 

15. A system for balancing the poWer output betWeen 
banks of cylinders of an internal combustion engine system, 
in Which the operating conditions of each bank are con 
trolled by an engine control computer, the system compris 
ing: 

a ?rst condition sensor disposed at a ?rst bank of cylinders 
of the engine system, the sensor generating a ?rst signal 
indicative of a sensed condition at the ?rst bank; 

a second condition sensor disposed at a second bank of 
cylinders of the engine system, the sensor generating a 
second signal indicative of a sensed condition at the 
second bank; 
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?rst means for comparing the ?rst signal and the second 

signal to generate a delta value indicative of the dif 
ference betWeen the signals; 

second means for comparing the delta value With a 
predetermined threshold value indicative of a cylinder 
bank poWer imbalance condition, said second means 
for comparing generating an imbalance signal if the 
delta value eXceeds the threshold value; 

means Within the engine control computer for modifying 
the operating conditions of the cylinders in one of the 
cylinder banks in response to said imbalance signal. 

16. The system for balancing the poWer output betWeen 
banks according to claim 15, Wherein said ?rst means for 
comparing includes a series connection betWeen said ?rst 
condition sensor and said second condition sensor, said 
sensors being connected With opposite polarity to produce a 
differential voltage signal across the tWo sensors indicative 
of the difference betWeen said ?rst signal and said second 
signal. 

17. The system for balancing the poWer output betWeen 
banks according to claim 16 including an A/D converter 
betWeen said ?rst and second condition sensors and said 
engine control computer to convert said ?rst and second 
signals to digital signals usable by said engine control 
computer. 

18. The system for balancing the poWer output betWeen 
banks according to claim 11, Wherein: 

said ?rst condition sensor is a pressure sensor disposed at 
the boost pressure inlet to the ?rst bank of cylinders of 
the engine system, the sensor generating said ?rst 
signal indicative of the boost pressure at the cylinder 
bank; and 

said second condition sensor is a pressure sensor disposed 
at the boost pressure inlet to the second bank of 
cylinders of the engine system, the sensor generating 
said second signal indicative of the boost pressure at 
the cylinder bank. 

19. The system for balancing the poWer output betWeen 
banks according to claim 11, Wherein: 

said ?rst condition sensor is a temperature sensor dis 
posed Within the eXhaust of the ?rst bank of cylinders, 
and the ?rst signal is indicative of the temperature of 
such eXhaust; and 

said second condition sensor is a temperature sensor 
disposed Within the eXhaust of the second bank of 
cylinders, and the second signal is indicative of the 
temperature of such eXhaust. 

20. The system for balancing the poWer output betWeen 
banks according to claim 11, Wherein said means for modi 
fying is operable to modify the operating conditions as a 
function of the magnitude of said imbalance signal. 

* * * * * 


